In 2001, the Robert Koch Institute (RKI) implemented a new electronic surveillance system (SurvNet) for infectious disease outbreaks in Germany. SurvNet has captured 30,578 outbreak reports in [2001] [2002] [2003] [2004] [2005] . The size of the outbreaks ranged from 2 to 527 cases. For outbreaks reported in 2002-2005, the median duration from notifi cation of the fi rst case to the local health department until receipt of the outbreak report at RKI was 7 days. Median outbreak duration ranged from 1 day (caused by Campylobacter) up to 73 days (caused by Mycobacterium tuberculosis). The most common settings among the 10,008 entries for 9,946 outbreaks in 2004 and 2005 were households (5,262; 53%), nursing homes (1,218; 12%), and hospitals (1,248; 12%). SurvNet may be a useful tool for other outbreak surveillance systems because it minimizes the workload of local health departments and captures outbreaks even when causative pathogens have not yet been identifi ed.
S urveillance of infectious disease outbreaks is important because outbreaks often require immediate intervention by the public health service. In addition, outbreaks may indicate defi ciencies in infection control management and provide unique opportunities to investigate clinical and epidemiologic characteristics of the infectious agents, particularly in emerging infectious diseases. Timely and comprehensive outbreak reports need to be available not only at the affected administrative level but also at state, national, and international levels to detect and control multistate outbreaks (1) (2) (3) (4) . Electronic documentation and transmission of data are needed for rapid information exchange between institutions in charge of conducting, coordinating, or reporting control measures and should minimize additional work load for the public health service (5) .
International regulations have resulted in increased requirements for outbreak reporting from the local to the international level (6, 7) . One of the major changes in the new International Health Regulations enacted in May 2005 is that infectious disease outbreaks of international concern must be reported to the World Health Organization, irrespective of the pathogens involved (8) . Moreover, member states of the European Union are already obligated to report foodborne outbreaks to the relevant European Union institution according to the regulation on monitoring of zoonoses and zoonotic agents (9) .
Outbreak surveillance for emerging infectious diseases is a particular challenge because small independent outbreaks may occur before they are recognized as part of a larger epidemiologic phenomenon. The complexity, the prolonged persistence of outbreaks, and the differing degree to which outbreaks are investigated locally make it much more diffi cult to ensure standardized and timely surveillance of outbreaks compared with surveillance of sporadic cases (10) . To overcome these problems, the RKI (the federal institution responsible for infectious disease surveillance in Germany) developed the software and implemented an electronic outbreak reporting system (SurvNet) as part of its existing electronic surveillance system for notifi able diseases. SurvNet was fully implemented in January 2001 at all administrative levels of the German Public Health system and, in January 2006, at all levels of the German armed forces. The objective of the system is SurvNet Electronic Surveillance System for Infectious Disease Outbreaks, Germany timely and easily retrievable epidemiologic information exchange on outbreaks at the local, state, and national levels. We describe the system, present epidemiologic aspects of reported outbreaks, and discuss the strengths and weaknesses after 5 years of practical use in Germany.
Material and Methods

Electronic Transmission of Data
All 431 local health departments in Germany verify locally identifi ed notifi able diseases with reference to national case defi nitions and send case reports electronically through the 16 state health departments to the national surveillance unit at RKI. The SurvNet software organizes the electronic transmission of case-based datasets from peripheral databases in each local health department to databases of the respective state health department and fi nally to the RKI (11, 12) . The system transmits data to the RKI on all cases in Germany but without identifi able information on the persons involved. In contrast, a local health department has full data on all cases from their jurisdiction (11) . The data collected in this system includes demographic characteristics, time, place, diagnostics, case defi nition criteria, exposure to risk factors, and associations with outbreaks as well as administrative data on where, when, and by whom the dataset is being installed and modifi ed.
Outbreak Reporting
Single case records can be linked together in the SurvNet database by creating an outbreak report as a new database unit. Several outbreak reports at the local level can be further combined, which results in meta-outbreak reports (Figure) . This so called "inverted tree" structure allows documentation of multicounty and multistate outbreaks (13). Outbreak reports can also be linked with outbreaks that initially were thought to be unlinked but are later identifi ed as being part of the same epidemiologic event. Staff at local or state health departments, as well as at RKI, can electronically link outbreaks on the basis of epidemiologic evidence such as person, place, time, and pathogen; they can also manually enter descriptive categorizations based on the information provided by the outbreak reports that form part of this meta-outbreak (online Appendix Figure, available from www.cdc.gov/EID/ content/13/10/1548-appG.htm).
Information Structure
The qualitative characteristics of the outbreak are covered by 7 sections: geographic setting, food consumption, bloodborne diseases, animal contact, waterborne diseases, person-to-person contact, and molecular fi ngerprinting. Each section includes a list of standardized items, of which >1 can be selected. Food consumption, for example, contains a selection of standardized food items defi ned by the fi rst hierarchical order of the Eurocode 2 Food Coding System (14) , a system developed to serve as a standard instrument for nutritional surveys in Europe.
Each selected exposure in the different sections is additionally categorized by using standardized evidence categories (Table 1 ). These range from "exposure confi rmed by signifi cant association in case-control or cohort study" to "majority of the cases of this outbreak had this particular exposure." For example, the category "breach of applicable standard recommendations supports epidemiologic link" is applicable if an outbreak investigation associated with meat consumption shows that consumed meat was not properly cooked. In addition to these standardized variables, results from molecular analysis of pathogens and complementary narrative information, such as anecdotal evidence, can also be included and categorized as "other information."
Outbreaks are generally linked to >1 pathogens identifi ed as the causative agent(s) of the outbreak. For notifi able pathogens, the system provides a specifi c set of variables to allow validation against the respective case defi nition. Regarding pathogens for which sporadic cases are not notifiable, the agent can be selected from a list of 133 known human pathogens. If a pathogen cannot be detected, the cases can still be transmitted as part of an outbreak. The system automatically generates an outbreak profi le consisting of general tables and graphs on the descriptive epidemiology of the outbreak, including epidemic curves, categorizations by age and sex, and geographic distribution of cases. Statistical overviews of reported outbreaks are published in the annual epidemiologic report on infectious diseases in April or May after the reporting year (15) . Outbreaks of special interest are highlighted in short profi les in the weekly Epidemiological Bulletin, which may be followed by full outbreak reports in the same bulletin or other scientifi c journals (16) .
Outbreaks and Statistical Analyses
Data presented in this article cover all outbreaks reported to the RKI from 2001 through December 2005 as of July 31, 2006 . After the German infectious disease control law was passed, an outbreak was defi ned as >2 cases with an epidemiologic link (12) . A case was considered epidemiologically confi rmed if the clinical picture and an epidemiologic link to at least 1 laboratory-confi rmed case was present as specifi ed by the national case defi nition for the respective disease (17), e.g., a person with diarrhea and no laboratory diagnosis who had ingested the same implicated food item as >1 patients with laboratory confi rmed salmonellosis. Outbreaks, which were part of a meta-outbreak, were not counted separately because the case data were already included in the respective meta-outbreak ( Figure) .
Unless otherwise specifi ed, analyses were limited to outbreaks caused by notifi able pathogens defi ned by the national surveillance case defi nitions (18) . Duration of an outbreak was defi ned as the interval between the onset of the fi rst and the last case of the outbreak. Date of diagnosis was used if date of onset was missing. Reporting delay between the different public health levels was based on the electronic time stamps for entering respective data into the database and arrival at the RKI. Reporting delay was computed for the years 2002 through 2005, as technical constraints did not allow these analyses for the 2001 data. Chi-square testing was used to compare the proportion of outbreaks with food as a source for various pathogens.
The system for documenting qualitative descriptions of the outbreaks has undergone major revisions over the years. Therefore, data on these details are presented only 
Results
From January 2001 through December 2005, a total of 30,578 outbreaks associated with notifi able pathogens were reported to RKI. Of 1,340,487 cases of notifi able diseases reported to RKI during this period, 253,720 cases (19%) were part of a reported outbreak; the rest were reported as sporadic cases (Table 2) . Of these outbreaks, 90% were caused by pathogens of the intestinal tract (e.g., Salmonella, norovirus, rotavirus, hepatitis A virus, enteropathogenic Escherichia coli, and Campylobacter), and 10% (3, 201) were caused by infl uenza virus (713), Mycobacterium tuberculosis (637), measles virus (501), and others (1,350, by 47 notifi able pathogens) (12) . The size of the outbreaks ranged from 2 to 527 cases. Table 3 shows the number and duration of outbreaks by size and pathogens and indicates that duration increases with the size of the outbreak. The longest median durations were observed in outbreaks caused by hepatitis A virus (22 days) and by M. tuberculosis (73 days).
In addition to the 30,578 outbreaks associated with notifi able pathogens, 772 outbreaks were reported but not associated with any specifi c pathogen; 155 outbreaks were associated with pathogens that are not notifi able as single cases. Among these 155 outbreaks, 25 (16.8%) were associated with varicella-zoster virus, 26 (16.1%) Staphylococcus spp., 24 (15.5%) Sarcoptes scabiei, 16 (10.3%) coxsackie virus, 15 (9.7%) adenovirus (nonconjunctivitis), 11 (7.1%) Streptococcus spp., 10 (6.5%) astrovirus, and 28 (18.1%) outbreaks with 1 of 16 other pathogens. The distribution of these pathogens did not show any signifi cant change over the years. The size, duration, and reporting delay for these different kinds of outbreaks are compared in Table 4 . A location setting was reported for 9,946 outbreaks (33%). Of 10,008 listed items, the most frequently named categories were households (5,262; 53%), nursing homes (1,218; 12%), hospitals (1,248; 12%), and kindergartens (783; 8%) ( Table 5 ).
In the 13,422 outbreaks reported in 2004 and 2005, at least 1 exposure associated with the outbreak was reported in 10,205 (76%) outbreaks, which added up to a total of 22,001 fi eld entries (average 2.2 entries per outbreak). For 15,978 (66%) of these 24,208 fi eld entries, an evidence category was provided by the reporting local health departments. The distribution of these categories is shown in Table 1 . In 954 (9.3 %) of all 10,205 outbreaks linked to a specifi c exposure, the evidence of this linkage was based on a statistically signifi cant association in a case-control or cohort study. For the 2,195 outbreaks with >10 cases, this type of evidence was reported in 248 (11.3 %) outbreaks, compared with 706 (8.8%) of the 7,998 outbreaks with <10 cases relative risk (RR) = 1.3, χ 2 = 12.5, p<0.001. For 1,637 (64%) of the 2,554 outbreaks in 2004 and 2005 that were linked to food, information was available about the evidence on which the association was based. For 204 (12%) of these, the linkage was supported by either statistically signifi cant association or by detection of the causative pathogen in a food sample. In these 12% of outbreaks in which the exposure linkage was supported by the 2 latter methods, the proportion of outbreaks linked to food varied between causative pathogens. In 999 of such outbreaks caused by S. enteritidis spp., 14% (141) were associated with food either by a statistically signifi cant association or by detection of the causative pathogen in a food sample; this association was found for 8% (28 
Discussion
Effective surveillance of emerging infectious diseases requires a system able to transmit locally detected outbreak reports at an early stage, for example, when an epidemiologic investigation is still under way. The SurvNet outbreak surveillance system ensures continuous updating of the outbreak reports as more cases are identifi ed or linked to the outbreak, long before an outbreak investigation has been finalized in a written report. This system also facilitates rapid electronic linkage of apparently independent outbreaks, for example, in different states, enabling subsequent analysis of the entire meta-outbreak. Although legally not considered an outbreak, single case notifi cations of rare diseases with strong public health implications (e.g., anthrax) will of course be captured through the SurvNet system as single case records and will result in immediate investigation and action by local authorities. During the past 5 years, the SurvNet outbreak surveillance system has managed standardized collection, transmission, and reporting of complex information generated by outbreak investigations of all 431 local health departments in Germany. As shown in this report, the system also covers diseases for which the causative pathogen is either not identifi able or identifi ed but not notifi able when occurring sporadically. Local health departments become aware of such incidents because outbreaks or infections with new or unknown pathogens that are potentially dangerous to the public are also notifi able under German law. This ability makes SurvNet particularly useful for the surveillance of emerging infectious diseases for which laboratory diagnosis may often be delayed or not yet possible. SurvNet has the advantage of managing epidemiologic information that laboratory-based systems or syndromic surveillance systems alone cannot easily provide. Essential epidemiologic evidence can be retrieved only through local outbreak investigations that are usually conducted by local health departments (19) , which constitute the most critical component of outbreak detection and investigation. (3, 5) .
The SurvNet system appears to capture far more outbreaks per population than published collections of outbreak reports in other countries. For example, the Electronic Foodborne Outbreak Reporting System managed by the Centers for Disease Control and Prevention (CDC) has listed 1,319 foodborne outbreaks in the year 2004 within the United States (estimated incidence rate of 0.4 outbreaks per 100,000) compared with 1,263 foodborne outbreaks captured in SurvNet in that same year in Germany (incidence rate 1.5/100,000) (20) . A similar difference is seen when comparing data from the SurvNet system in Germany with surveillance data on foodborne outbreaks in England and Wales or to the number of Salmonella outbreaks collected by different surveillance systems in France (21-23). These differences could be due to different case defi nitions, true difference in incidence caused by signifi cantly poorer food safety in Germany, or other reasons. However,
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Median duration from report of first case until outbreak report arrives at RKI, d the higher outbreak incidence rate in the SurvNet system is likely the result of its higher sensitivity, at least in part. Technically, the system is an integral part of the routine surveillance for notifi able diseases, which means that local health departments are required to enter and administer only outbreak-related data, because most of the information from the database of notifi able disease cases is being used in both systems. This synergism is likely to encourage local health departments to use the system and thus improve its sensitivity. Because all of the outbreaks identifi ed in this system are events identifi ed and investigated by local public health staff, the positive predictive value of detecting a true outbreak is likely to remain high. This is one of the major advantages of SurvNet compared with outbreak detection systems based on statistical algorithms of case reports. Data from SurvNet may, in fact, serve as the standard to validate statistical outbreak detection algorithms (24) . SurvNet may also provide data to identify prognostic criteria that would help in forecasting the natural development of a specifi c outbreak (25) (26) (27) (28) . However, details of outbreak reports have not yet been systematically validated, so careful interpretation of the information is essential. Compared with CDC's outbreak reports analyzed by Ashford and colleagues, the SurvNet system appears to be much timelier, although a direct comparison is not possible because the types of investigated outbreaks and the defi nitions of the reporting delays are not directly comparable (5). The European Food and Safety Authority is currently building a reporting system for foodborne outbreaks in the European Union using the methods developed in SurvNet (pers. comm., P.Mäkelä, European Food Safety Authority). The Eurocode 2 System used here to categorize food appears to be user friendly and is available on the Internet with instructions on how to categorize food items that appear diffi cult to assign to 1 category (14) . Most outbreaks registered in this system were caused by pathogens of the gastrointestinal tract, yet only for a minor portion was reliable evidence available linking these outbreaks to food. This reminds us that outbreaks caused by gastroenteric pathogens, particularly those caused by norovirus, should not be overinterpreted as foodborne outbreaks.
Our data suggest that only 11.3% of reported exposures in outbreaks with >10 cases were statistically significant and associated with the outbreak through case-control or cohort studies. In 37% of the reported foodborne outbreaks in SurvNet, the reporting local health departments were able to associate a meal but not a specifi c food item with the outbreak. Similarly, Jones et al. have observed that most foodborne outbreak investigations in the United States did not identify a specifi c food item (10) . Local health departments must be motivated to improve outbreak investigations to increase the validity of the information received through this system (29) . In addition to intensifying training programs for the local public health service, RKI is currently developing support tools, such as predesigned electronic line lists of cases and decision-supporting algorithms, to be included in the SurvNet system. Additional training and support tools will assist local health department personnel in the use of epidemiologic methods for outbreak investigations. A new information technology structure will facilitate these additions and further improve the timeliness of the system. SurvNet has the advantage of being able to document complex multistate outbreaks of any cause. For example, SurvNet was able to capture an outbreak of 1,024 cases of epidemic conjunctivitis, which started within the German armed forces and spread to the civilian population throughout the country (30) . Comparatively few of the reported outbreaks (3%) were linked to nonnotifi able pathogens or could not be linked to specifi c pathogens at all. However, this demonstrates that SurvNet is able to cover outbreaks caused by unknown or emerging infectious diseases.
Outbreak surveillance of SurvNet has already provided valuable information for topics of public health relevance. By confi rming and quantifying the increase of hospitalbased norovirus outbreaks in recent years, SurvNet has contributed to the development of specifi c recommendations on how to prevent and control norovirus outbreaks in hospitals and nursing homes (31) (32) (33) . In 2006, a sharp increase of norovirus outbreak reports was noted at RKI from reporting weeks 43 through 47. This led to a countrywide alert in the national weekly epidemiologic bulletin in week 48 and was subsequently echoed by an alert throughout Europe in the Eurosurveillance Weekly Journal 2 weeks later (34) (35) .
Although our report cannot replace a surveillance system evaluation, some system attributes can be addressed. Over a period of 5 years, SurvNet has demonstrated the ability to collect and analyze a large number of outbreak reports in a federal administrative environment of 431 local health departments and 16 federal states in Germany with a total population of 82 million inhabitants. This fact already indicates that requirements of simplicity, acceptability, and stability appear to have been met. SurvNet also seems to compare favorably to other systems in timeliness and sensitivity. The ability of SurvNet to capture outbreaks with unidentifi ed or new pathogens in a systematic way indicates its suitability for outbreak surveillance of emerging infectious diseases. Given the federal structure in Germany and its refl ection in the SurvNet design, this system might also be a blueprint for other large national or international outbreak surveillance systems, particularly in the context of the new international health regulations.
